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^ Vt 3^ ^SHr^ °14r£M&4:^ vfl^. 7 M ^-5- (Internal Reforming)-g- jL*fl<+3*# 

^7l^-(La 0 .8Sro.2Mn0 3 ) 0 l ^Mj-^M 5^, tr^r Ni-YSZ^l ^i^ol e ^ 

# ^M^KanodeH ^^.^^1^, ^7lSj-*>^ 

Al^flofl ^.g-^o^^ ^"71 ^^(anode) ^-¥-°lH ^SK^S?}- o] Aj-sj-^o) tfl w^fl^-g- 

°1 ^^sli #7)$--^^ ^^r^-g-^l ^7}+( syngas)^- ^7H1M*1 (electricity) 

£ 5 

S0FC, #*fl^, ^-7]^, JI^HW ^7>i, #7HH*1, olAVs}.E4 : ^ ) Ej-Sj-^, xfl 
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2r# ^ °1» °l-§-tr &7}5\-^ ^i^-ti}-S-^^^{Solid Oxide Fuel Cell(SOFC) for 

coproducing syngas and electricity by the internal reforming of carbon dioxide by 
hydrocarbons and Electrochemical membrane reactor system for application} 

^ Q?}^ ^r-g-^- Ji<*|^ #^*l(Single CelOofl tfl*}- 7fl^£o]cf. 

i 2^ Jl^Vs)-!- <a^*l(S0FC)^- ^7l^v^ ^^.ti]-o.Al^^o 1 l cfl*V 7 fl^ £ 

.£ 3^: «>-§-^r£ 800 °C^- ( 7flSl^(open circuit) S^r 31 3 S(closed circuit) 
^7l5}-*!-^^( Ni _YSZ-Ce02 I YSZ I (La.Sr)^)^"^^ CH 4 <^1 C0 2 ^1 #7l3W3 ^^tiV-S-^ 

nfl BV-g- A^ofl Oj-S. C0 2 ^r CH 4 ^ ZLS]aI M^Mi ZLSfl 

£ 4^ #-§-£rJE 800 °C^, 7fl5|S(open circuit) ^ ^l^S.(closed circuit) # 
71^^x1 (Ni-YSZ-Mg0 I YSZ I (La,Sr)Mn0 3 )^MH CH 4 ^1 C0 2 ^ ^ls)-^ ^^r^^: ^ 

W ^1^1 C0 2 ^r CH 4 ^ zl^zi ^^^2] ^^TflS i4e}\£ ZLeflS. 
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5. 5^ anodes)* ^sH^ ^s}-*}- 

^^(anodes I YSZ I (La,Sr)Mn0 3 H , ^S7^(CH 4 : C0 2 = 12.5 : 12.5 ->M%)1- ^-g-SrS-i" 
nfl ^^JE., 7flS]S ^(Open Circuit Voltage, XV) ^ ^7l °1 saJ^. hI^^I 



100 : 7>^aV^-^- 



110 : ^ c 3 #-§-7] 



120 : $.7}. 



130 : $.7]$-^ 



200 : 7}+^ 



210 : 2|fw 



220 : ^ -B-^ S^Tjl 



230 : 7}^ ^^-71 



240 : 



300 : ^h^H^f 



310 : PID £r£ *IH7] 



320 : 7}x\]3-g.v}^=Li$\z] 



330 : 7fl<?l-§- 



340 : Impedence Analyzer 350 : Potent io-Stat 



360 : Electronic Loader 370 : §■ ^7} 



380 : 7}-^ a]. 



a 71 



^ ^SMlfe- #n^(YSZ)^ tr^ ^-71 ^-(Lao.sSro. 2^03)^1 

cf^. tr^ ^lxr Ni-YSZTfl 5)H-i7>olH^ *§}-§-^ # nfl^^-( anode )^1 ^ 
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*I^-(anode) ^-¥-<^H ^SHr^ ojAj-^E^cq vfl ^-7M^r-§-°l ^.7}^^ 
ti]-§-ofl 5]^ ^7}^ (syngas) 4 *i7Hl (electricity)* -g-^Hl ^^^l^lTfl £H , 4^1 , 



<15> S|e 31 £r^7>^ ^ ^7i7> *^o| 2^o] olA>2)-^ 

(C0 2 )4 ^m(CH 4 )^ 7M^r-§-°ll ^ ^7} ^f>] ^sqji $X^. 0]^^^. ^ej-o. 

7fll^r ^-fNM 7>^ #_£L*V 3UL7} 3tt ^(H 2 )^ ^^^(CO)* 49 

<ie> ZLSiq-, ^I^-b^co^s}- ^1^(CH 4 )^ Hfltff cf-g- (l)ofl ^Ef^fl tifsf 
^-o] ^SlJELS. jL«1N*1« iS-tb^Kr 3:^4- ?U ^ ^^^^^-o] 

tll%^^7l- ^^l^O.^. 

<17> C0 2 + CH 4 -> CO + H 2 AH° 298 = 247 KJ/mol (1) 

<18> nD^-ofl olAl-^j.^^ 7M#nflaV-g-o 1 ]A^ o] $>} o) ^ol^ A>-g- 
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<19> 



A%- (2) tfl^l (lOHfe-, ^^O-S Ni, Ru, Rh, Pd n£\JL Pt°+ 



hV^-ai (2) ( 6 )^ *fl^ ^fltiV-g-^ t+Bj-ifl:!, cf^- h_V-§-ai (7) 6. olAVg).^^ «^a> 



^-ifljl, cf-§- tiV-g-^ (8)^r €^ 



^ ^m^TN 3# ^^^-§-°r M-^zl, rf-B- MH-^ (10)^ CO ^tr € 



<20> 



CH 4 



<21 > CH 3 (ads) 



<22> CH 2 (ads) 



<23> CH (ads) 



<24> 



<25> 



CH 4 



C0 2 



CH 3 (ads) + H (ads) 



CH 2 (ads) + H (ads) 



CH (ads) + H (ads) 



C (ads) + H (ads) 



C (ads) + 2H 2 



CO (ads) + 0 (ads) 



<26> C (ads)) + 0 (ads) 



CO 



(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 



<27> 



CH 4 



C (ads) + 2H 2 



AH° 298 = 74.9 KJ/mol 



(9) 



<28> 



2C0 



C (ads) + C0 2 AH° 298 = -172.4 KJ/mol 



(10) 



<29> 



2|e°H^r ^1^(CH 4 )1- 9jlLsL ^}-§-*H #71!- ^*Hr S0FC(Solid Oxide Fuel 

Cell) ^!^«liqo> ^ [S. D. Park, J. M. Vohs and R. J. Gorte, Nature 

404 (2000) 26514 £_o]z). ^ [T. Ishihara, T. Yamada, T. Akcay and Y. Takita, 

Chem. Eng. Sci. 54 (1999) 1535HH AA IkSLQ wj- oit}. 
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<so> 5 c^ r> so FC cflofl^ ^e3-(CH 4 )* ^-^^-^H ^7l# *3^Kr <£^-7> ^-iflsq^ 

<3i> ^(H 2 )» ^^ilS A>-g-*>^- SOFC^l ^ <3^7 r 

3l«JL SOFC^H ^^-gr ^*fl Vfl^f/^^ 7^^ o]*)-<*| ^-i- <£jg. 

*l-§-*r^ SOFC Distill a> [Satake Tokuki , Watanabe 

kiyoshi , Nanjo Fusayuki , Takenobu Roichi and Miyamoto Hitoshi, US patent 6,316,138 
(2001)], ^l^li a> ^ n]^- 3l^^Fr^r [Draper Robert, Veyo Stephen E. , Kothmann 

Richard E. US patent 6,610,434 (2001)] °1M ik&Ht u r Si^r. SOFCo ^ 

SOFCSf S0FC-^>ola.SE^«i^ 4^-^^ 'M^'tS* 7fl^V^o.^ [Galloway Terry R. US patent 
6,187,465 (1999)], =l€\jl #^ 7>>^ 7>^§-g- 1 kW^- SOFC [Ruka Roswell J. 

Warner Katyryn A. US patent 5,908,713 (2002)]^ 7M*>^cf. 

<32> #7}$m ^(Electrochemical Cell) ^-^H ^oj£-( 0 2-).g- cf-g- til-g-^ (n)ofl o) 

*11 ^7l ^-(cathode HH ^£tf. 

<33> 0.5 0 2 + 2 e" 0 2 " (11) 

<34> #7HH ^^sl >L>4i ol^(02-)-8r YSZ ^fl^ -f-^fl ^nfl^^-o.^. o]^^uf. ^nfl 

^d^S oj^ a>^o1^ rf^- tij-^ ( 12 ) tfl^l (15)21- ^ "V-g^l ^M*}^ ^7l7> 

<35> CO + 0 2 " -» C0 2 + 2 e" (12) 

<36> H 2 + 0 2 ~ - H 2 0 + 2 e- (13) 

<37> Cs + 0 2 " -> CO + 2 e" (14) 
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<38> Cs + 2 0 2 - C0 2 + 4 e~ (15) 

■<39> ZLe-luj-, ^^fl^M JiJL^ HH tiV^dl^Sf ^o] °}*V^MCQ 2 )Q ^(CH 4 ) 

A]^ ^ 91°.*), C0 2 ^ ^*fl -fr-§-^ ^7>i# ^*r^*l S0FC« #7H 

^>M^(cogenerationW 7}^S}7l ufl^-ofl C0 2 ^ %-§-Jl4» ^sM^ ^ 01^} 
€4. , °1 A >^-^(C0 2 )^- ^sH^ °] s] °fl £. ^4 SOFC^I #°fl*l^r 

°fl ^«]-§-, CH 4 ^ ^ 7M*-S- ^ C0 2 ^ ^1 7M^r-§-°l ^Hl «J 

cHu}7l nfl^dfl Tri -re forming^ * r ^-§-(autothermal reaction) #3)3. 

7V¥*>^f. 14^1 ■& *\]<£*}tt SOFC Ali^ o. 7M^r-§- *1 ^-§-^£1- -fi- 

^1^71 A]"8-*Hr oflui^l W]-g-# #<H ^ 5*-°^, ^f-g-^l <4^- -8:^7>i^ 

2)^3^ ^ 5a^Hr #^°1 ^cf. SEtt S0FCS1 ^^oflA^I *fl^}7l ^tr S)^-7M 

$ 7 j nfl-g^l ^1^>^ SOFC Al^^fl o. ^ ^^l^o]^ 7l#^ 

C0 2 ^ ^7)^*)-^ ^ofl Jl^sl- 7j#tl 3J«*H o^cf. 



<40> Mj-ig ^ ji^AVgj.^. o^^o} ^ufl^^ ifl^-oflA-1 ^7M#-§-( Internal Reforming) 

* ^^°-3*l 71^ CH 4 ^1 ^th C0 2 ^ 7H4' 3 ll^ii4 ^m^l °l-g- Jl^§- ^.4 ^-^sl- 
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<41> Of^l , £ ^sHr^^ ol^Vsj-^^o) ^7l2]-4}-^ 7Ma1?1tt A] 

-<42> ^-7ltV JH^S^ <£5-*l*ll- ^^Hr^ o^^rtl" SJ-^V 

^^7>^( syngas)* ^^V^i ^S-^^l* -g-?}: ^7Hm*l 

(electricity)* C0 2 ^ «-§-JL2fl- ^3}-^ ^ oi^ ^«V-§- a^ea^ ^ 



^ ^ *l-g-] 

^l-gr ^51^ J2.^s|-§- #*fl^(anode) ^ ^71 ^-(cathode) °) ^ 

3<H ^^H^l <£iL*l*l(S0FCHl 91^*], <$7) ^nfl ^ ^ ( anod e )^ Ni-YSZ3l SE^ 

at, £ 7>^^(200)^, ^"71 7>^^^ ^^£H ^-2.^^ ^7l^ <£ 

^^-(300)5. ^^tt #71 ^^-g-^^^l &<>H, ^7} 7>^^--f (200)# 

&§\-^^7} ^7}^7\ 7>^*V-§--!f (100)5. -B-^Sl^l; ^7} 7^tiV-g-«- 

(lOOHl^r JL*|) ^5}-# ^^-(cathode)^ Ni-YSZ?fl ^^-i^olHTil ^Vs}- 

#^ ^fl*i^-( anode )°1 -^aj-sH oj- JL^2}-# <$£.&t] (S0FC)7V #^£l<H olopj; ^7] 
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#*flxJ^-( anode) ^^Htt °)^^^ ^SK 1 ^ ^«- 7 M a J-^4 ^Hl $.7}^^ 
ofl ^sfl ^7>i( S yngas)^ #7Hm*l7} ^ofl ^^rr *l7]3*flM ^^-§-^l^^# SE 

<45> o]^- ^ ^. ^-g- ^Ml^l 

<46> M. ^-xgofl 4^. Jl^l^Vs}-!- ^JS^KSOFOtt YSZCYttria Stabilized Zirconia) 

& ^^^1 LaSrMn0 3 31 ^-(cathode) °1 W ^^1^ 

Ni-YSZ^l 5lll-^7l-ol STfl =4* ^V5l-#^ # nfl anode) <=>} -^^H $1^ 7>^ZL 

<47> 51 l£r t^ofl Of^ JL^A>S|-# ^JL^KSOFC)^ ^^^1 tfl^H 

£r ^3 ^71^^ ^l7>q^ ^-7iq-( C athode)^l^^ ^^V-g- 

°11 ^fl M€ ^Bi°i£-( 0 2-)ol Jl^^l- -f-4«H # *fl^( anode 

<48> JL^^ <gS*I*HH # nfl ^( a node )^-S. 5L°j£}7l] £1tt Ni-YSZ7^1 ^>3)- 

Ni 40 - 50 YSZ 40 - 50 ^ Ce0 2 MgO 0 ~ 10 f^%7> ^-Ft^H 9X 

ol^^i cf. ZL^Ji, 3lll-^7>olH7fl ^-^ ^l-^r Lai_ y Sr y Ni i_ x Cr x 0 3 (x=0 ~ 

1, y=0 - 1)^ 2:^^ o]^Jl ol Cf. ^-7) ^^ nl |^. ^-71^ ^«fl^ 

oil S^A^lTiq-, ^71 ^-(cathode) ol ^1<± <£}-§- ^-sHlMl , Ni-YSZ^l 5E^ sfl-g- 

^7l-olS7ll =-4* <l>5}-# 3H = 7fli^(tape casting) £ ^ 

°1 -^*Rr Jl^ll^# "S^-^KSOFC)* 711^^- ^ ^cf. 
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<49> Ni-YSZ3l ^1-^- ^fl^O-S ^ Jl*ll ^^]^ ^12^^ cf-g-3f ^ 3 

#31 ^€4. 1) NiO 40 ~ 50 YSZ 40 ~ 50 MgO ^ Ce0 2 0 

~ 10 «"fr*rfe- #^*ll *ll2i*Kr #31; 2) #7l #^*|| ^-g-^vfl 

f-^ 100 7}^°_S., wl-olc!^ ofl^ ^1-^^.^ 0.3 ~ 1.2 ^ 

S.Sl^ 0.8 ~ 1.5 ^ ^eM^ ^-a>o]^ 1.3 ~ 2 £-^1^1 o^ss^ 

#(IPA) 1 ~ 5 #^%# ^ 7} <?]- JL ^-sY ^, ^ Ni-YSZ3l *)l^r 

tt #31; ^ 3) ^>7l #nfl^^- #2^3}- ^71^- ^^(LSM)^- iS^ , £^ ^ i^sH 

^ia(disk)^ ^ls}*}- #31*1*1 (electrochemical cell)# 3l2:§r^ #31. 

<50> H^JL, 5llf-i7r 0 lH3l #nfl^^-o.^. t}^ JL^^ ^S^^l^ ^lS^^^r 

cf^-^r ^ 3#3l : i) Lai- y Sr y Nii_ x Cr x 0 3 (x=0 ~ 1, y=0 ~ 1)^1 

^ *$<$^ 0^:0. oi^ ^ ^^^,1 ^-g-op^ #31; 2) ^-71 ^sfl ^-g-oJHi, 

^^^(malic acid)^: ^7>*H # =-4? o^l rJl^- #£-#°l 0.5 ~ 2.0 ^^7} £) 

5^ 2^Kr #711; 3) ^71 ^-g-^ P H7> 1.5 ~ 3.5 ^ £l^r P H 2^1# 

$7}f>\±t #31; 4)^71 ^*ll ^-g-^-gr #2: ^ I^S^M «^ 03^ cfTll; 5) # 
71 ^71 ^-^71 800 ~ 1,000 "C 1 ~ 5 AlTj^ol 

Lai- y Sr y Nii_ x Cr x 0 3 (x=0 - 1, y=0 ~ 1)^1 7\^ 3\}^^?\o}^] ^nfl# c^l ; 

^ 6) ^"71 #&lEl<4 ^71^- ^^-#^(LSM)-i- 3^, TdS 31 t]^EL 

(disk)^-^l &7}s\-^ #31 ^(electrochemical eel 1)1- /fc*}^ #31. 
<5i> £ 2^ ^- ^°ll Jl^l^rS)-# <2S*}*1(S0FC)1- 3-g-*r ^sK^ 

AliEflofl tfl^j- 7fl^olr4. £ 2^1 ;£7l2l-*H ^i«:#-§-^l^^ o. 7 f ^i^-g-^-(200)^ , 

^"71 7>^^S1- <&%S\o] ol ojg^ ^l^*^!?.^^} 7}^#-§-Jf(100)2l-, # 7 j 7 |. 
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<52> 7>^tij-o.«.(ioo)^ ^1-^1 4j-<^l- ^al-g- 71(110)5+, s$ 7] 

^^^:-§-7l(110)» #£^>J1 91^ #713.(120)5+, #7l ^ ^ «>-§-7l (110)^ ifl^^ ^ o^ H1 
&7]5\-n ^^^1(130)5. ^ 



<53> HE] J!, #7l 7V^^(200)^ ^"71 ^^^-§-71(110)^ ## <^5+ ^7l 



■^&s+; #7l ^^ti}-g-7l (110)^1 ^ <y^5+ ^^s]^ 71-^^-71(230)^; #7} 7>i^^-7l 

(230)^11 ^M-^l °1-*M ol^E^. ^-^ ( nfl^- ^ ^g-^, 

< 54 > #7l ^cMH^f (300)tt #7l #713(120)5+ <£^& PID £5. *fl<H 71(310)5+; 

#71 ^ a>-§-7l(110)^l ##Jf°1) (360)5+; # 7 j ^ i£-§-7l(ll0)£| 

Potent io-St at (350)5+; #7l ^^^-5-71(110)5+ ^7]S.c] (360) 7J-5) <£ ^E^-al- <g^^ 
^^oi^ «-^7l(340)5+; #71 Potentio -s tat (350)5+ ^a]^ ^ 71(340)^1 
^H-§- PC(330)» 3L#S><*| ^^t+. 
< 55 > #71 ^^^71 (110)^1 ^-Mfe #i^(370)7V ^^Sl JL, o] ^^-^(370) 

5+ ^eKHfe 7}^- Al^oj 71(380)5+ GC(320)7> ^&s] <^^^i+. 

<56> HL*V, #7151 ^7l o)^$\-&±. #i 

o] ova el-o]^^ ^^-^-i; dI^o.^ 01^^1^.(210)5+ .^%= -fi-*g= S^7jl(220) 

7} L+^*l Ufl^^tf. 
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<57> o}$\- igj-tg^ cf-g-^ ^jAjofl ^ ^a}H Sl7l*H ^ M*»H cf^S- 

^ «>, cf-g-o] ^ ^^oflofl cq«j) tr^^r °rM^. 

<58>^a1<^1 l : sfl#i^>o]H^l #nfl 

■<59> Lai-ySryNii-xCrxOsCx^-l, y=0~l)3 ^H-^^V^H^l #*fl^r ^^^^ = 

# ^}-g-*r53^r. LaNi0 3 [Lai- y Sr y Nii- x Cr x 0 3 (x=0, y=0)]^ 2^-§- ^#^r 
8.6604 ^e^olE( Lanthanum nitrate)^- 5.8162 ^H3HH(Nikel 
nitrate)!- 100 g^l -g-*1H^ ^<*o) ^-g-*»# ^l^>^cf. # ^ o]^- 
°11 tfltb ^^Kmalic acid)^ -§•€--§: <>1 1.5 ^7}^}^. ^ ^-g-^-g- 

J2^r^^ ^-B-^ ^-g: tb U"§-^ ^7>*>oi -g-<3»£] P H» 2. 55. SHF^ 

cf. ^nfl ^afll- ^S^-g-ofl^ 80 T^H 6~12*1# Ti^M ^-fr ^ 

*V^cf. <*1^M M-iL^r ^ -g-^ £S# ^*fl 100 iCoflAi ^7>S t^S)*}^. o] 

* #nfl 210 TC«lH ^7}S. I^el^ N0 2 ^ cfs- 7l«-g- <l£-*M53i=f. ^1 
^ ^^^1 ^-5r#^r ^-^Mr^-i- ^r-g-^M ^°>^1 -H^l ^5 ^* r <*l *H 
^ ^"Sr^H 900 °C^H 5 °C/min°-S ^ 900 'CS 2^71 ^o> LaNi0 3 # 



<60> # 7 | ^A]oil 1^ 7^*^ O.^, a 14 ^ Cfoj:^ S ^ o. ^ 5)l#^7>olH7^1 

<61> 



34-15 



<6i>1020030074934 
IS. 1] 



2004/4/20 





Lai- y Sr y Nii- x Cr x 03(-§-%) 


X 


y 


La 


Sr 


Ni 


Cr 


0 


LaNi0 3 


1 




1 




3 


0 


0 


LaNio.4Cro.oO3 


1 




0.4 


0.6 


3 


0.6 


0 


LaNio.8Cro.2O3 


1 




0.8 


0.2 


3 


0.2 


0 


Lao.9Sro.1Nio.6Cro.4Cfe 


0.9 


0.1 


0.6 


0.4 


3 


0.4 


0.1 


LaosSro.2Nio.6Cro.4O3 


0.8 


0.2 


0.6 


0.4 


3 


0.4 


0.2 



<63> 



<62> ^X\d\) 2 : Ni-YSZ^l #*fl 

Ni-YSZ7fl [Ni : YSZ : Ce0 2 (or MgO) = (40-50 f^%) : (40~50 ^%=%) : (0 

-10 f%%)m *\}2i-5\7) 3^H, NiO ^(99.99%, Sigma-Aldrich Co.), YSZ ^-^(8 mol% 
Y 2 0 3 doped Zr0 2 , TOSOH Co.), MgO E-ltOfflb, Nakarai Chemical Co.) ^ Ce0 2 £-^(99.9%, 
Sigma-Aldrich Co.)* ^^15. a>-8-SM *ll2:*}£t}. 

NiO, YSZ, ^ Ce0 2 (or MgO) ^ 24a1# ^ ^h^o} ^ 

* A r-§-*M ^BB]^(attrition) ^^*V ^ ^fl^^-g- ^|2:*>^t)-. 5£tr, #7l£| 

Ni-YSZ^l #^fl« -^^-fi- *1"§-*H ^S*>^^-. -§-a|<2] Ni-YSZ^] ^^*1 

<65> 



<64> 
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Ni-YSZ^l ^^11 


Ni-YSZ-Ce0 2 


NiO 


YSZ 


Ce0 2 




Ni-YSZ 


55 


45 




Ni-YSZ-CeO a (2 -f^%) 


50 


48 


2 


Ni-YSZ-Ce0 2 (4 


48 


48 


4 


Ni-YSZ-MKO(2 


50 


48 


2 


Ni-YSZ-MK()(4 ^«8=%) 


48 


48 


4 



<66> ^X)ofl 3 : SOFC-g- ^(electrochemical cell)^ 



<68> (i) 7)x}?§ SOFCCelectrolyte supported S0FC)-g- ^^l^ 

<69> YSZ *>-§-*H ^Stb 4-§- 1400 °C°1H 

2*)?} ^Bfl^| ^fl^* YSZ -¥-7)1^ 

f-£r ^"4 1.2 mm^ 22.5 mm7l- ^o^tf. 

^12:?}- 0.2 g°11 ti>o]Dl^ nflig ^il-S.^.^ 0.87 g, CMC ^fiL^Hi ^MrS. 

-2-^ 1.14 g ^ #^^^^1 ^r°l^- 1.74 g^- ^7><5}53t4. w><y^7f ^-g-^Ml 

^^4. tfl§f 2a]# 7]-^ ^ ^-g-^ J5H&*H # D ti#^- ^srSM. 
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.<72> *flS?V YSZ c]i3Sl tb ^1 SfJsH 60 "C^l^i 24*1 # 

^Stb ^l^H 1350 2*)z} ^^Aj^rf. zl^zi, ^nfl^ol ja^s} 

YSZ c]a 3 o| cfs. igojl -^71^- #s^# i&^r^ 60 °C ^1^1 24*m ^3: cfl7l<>HH 
1300 TC°1H 2*m ^ ^^Al^ #*fl:g ^1^1^ ^7lS]-^^l- ^ ?r 

^ x\^r2) ca. 20 /ziHJL, z| S^^^r 1.0 cuf(1.0 cm>4.0 cm), 2,25 cnf(1.5 cm 

>4.5 cm) °]9Xt\-. 



<73> (2) ^g-^r S0FC( anode supported S0FC)-g- ^^1^ 

<74> x£*\ Ni0> YSZ 2]- Ce0 2 ^-^-1: *>-&*>£ t*. o]t% Ni0 

(planetary mi 1 1 )«=>fl^i 2^1 # -g^tr tf-g- j$l^]a| 7dSA]^tf. <4 ^-o] N i0 £ 

^ YSZ, Ce0 2 48 : 48 : 4 3, 24*m ^<?> ^ ^ 

^^1°] 7] ] 7 i^.^-( open porosity)# f7M?J ^-^^.S. 24 ^-3r]%S] 5p<£ £.*fls ^7>sr>^ 

2^2- i^SH ^v\}7} 1.5 mm^ ^fl*l^-§- aflti] dL^^# ^5^. 

<75> ^M(YSZ)^ #33 tr-S-^r ^ ^oj) o^fl ^s^V^rf. YSZ 

t 2.5 gf 10 g°fl -§-5flA]7j * tifcQt-lS^ nflU 0.125 g, 

0.125 g^g- ^7}^}3X^\-. *}91k\7} ^-g-°->H £-*r*fl5-H ol^HS.^^* 3 mL# ?V 
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^■(LSM, La,Sr(Mn0 3 ) 0.2 g<^l h>°1c1S.a1 ufl^ 0.87 g, ^H^lt 4*3..$.^ 

1.14 g ^ #5Hli3} -%^>°1= 1.74 g^ $7}f>}<%^. £^ ^-g-tf}6{| 

rf. tflSf 2Al^> 7}^ ^tJ" ^-§-^-8: JH«V*>^ & 7 ]=. *fl2:^i=r . 

<77> #7HH ^Sflz] ^3 3* ^^3.^ *}- ^ofl ^^sr>^ 60 °C°]H 24^1 

Tj. ^fsY ^ r^l^H 1350 2*1 # -^o> ^A^nf. #^fl^ 

^1^3^ cf^ igofl ^7]^ ^S]B]# SfJSH 60 TC«M 24Al7> ?lStr Jf:, tfl7l«a-oflA-l 1300 

^ ^Mfe ca. 20 jtan^lul, 4 5.^3 AA 4.5 cuf(1.2 cm>4.2 cm), 2.25 crf(1.5 cm>4.5 
cm) o]t\. 



<80> *}-§-#S A]-g-<£ 7 >i^ ^^-B-^S^7j](mass flow controller) [Bronkhorst HI-TEC 

Co.]* *l-g-*H CH 4 5f C0 2 ^ *«17> 1^1 (CH 4 /C0 2 =1, CH 4 : C0 2 = 12.5 JM% : 12.5 -»M%) 
^t7}if 40 in^/min^ ^ a>-g-7l^ ^-(^nfl^H ^^^^cf. 
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^^^^S^i ^7l» 40 mft/min^ ^^513. #-§-71^ *7l ^-(cathode H ^-g-^cf. 

^ ^7>^fe carbosphere column(3. 18>40- 3 m O.D. and 2.5 m length) A TCD( thermal 
conductivity detector)7f -f-^ ^r-Sf^ 7l ^a.S^>SZi2fls] [Hewlett Packard Co., HP5890 
series H]» a>-8-*H «a^^u].. 
-<8i> YSZ l-^Kr -tirdfc. ^l°i*>7l ^*fl ^-g-(Pt) ^d01# 0.5>10- 3 m)°.S <£ 

#7l ^^^l^cf. *llS?r ^7lS^4!- ^^i^]^ -ft- 3(0. D. = 0.025 

m, I.D. = 0.021 m, h = 0.003 m)# *r-§-*H Wuf ^-«.(0.D. = 0.025 m, I.D. = 0.019 m) 
$H>H ^7l5)-^^l# Hsfl X\ aV-g-71^ PID £t5L*1H ^7> ^7l^[Han 

Young Co. P-100] <LH1 3*1*1^., wl-g-7]^ Sl7lSMfr*l*l ^-e^l 3^1 tr -£r£?lH 

<82> #^M^(Lai- y Sr y Nii- x Cr x 0 3 )^ vflJ^MShS- £ #7)3 ^\-&}7] 

^*fl, A o v 7l^ ^714)-^-^ ^^-^l^Eflo^ 800 °C ^ 1 atm^ yl-g-STd^H CH 4 <^1 ^ tr C0 2 
^^-7M^-§-^- n^r^^f. CH 4 C0 2 ^ #«17> l<y (CH4/CO2-I, CH 4 : C0 2 = 12.5 ^% 
: 12.5 ^%) «£-§-#3. Aj-g-^H 40 in^/min^ #-g-7l^ ^(^nfl *}^-) 

^Hl -5"g-*rS3^. ^3-0. ^#^o.S.^ ^-71 (air)* 40 nrf/min^ ^# ^£3. «>-§- 

71^ ^7l ^-(cathode HI ^#*|-&tK 

<83> aV-t-Al^i 5*1 ?i ^ C0 2 Sf CH 4 ^ ^ Sl^S* 4^ 5. 3<H1 H^^r}. 

LaNii- x Cr x Q3^>H Cr3 «9=( x )^ #7}^ 7^># ^eflSKr ^^rS^. *>*1 

^ LaNio. 8 Cro. 2 0 3 #1^J^ ^H^H^r CH 4 ^- C0 2 ^1 ^]n> 33 o] ^ 

^ LaNi!_ x Cr x 0 3 °1H CH 4 , C0 2 £) H 2 ^1 ^Htt 
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ofl o^tb #^2] LaNi0 3 , LaNi 0 .8Cr 0 .203°fl A -1 4^ LaNii- x Cr x 0 3 *1 

#^7>olB 2:^£r #*fl ^^d\) t\\^V *}&*\*\- 

o| x=4 ^ # D flfe C0 2 ^ /fll^Ti^ 3.3. tfl*fl 

-<84> [S 3] 



^7)^-*i-<g s .^^(^ Dl | ^^. | ysz | (La.SrOMnOs) 




LaNi0 3 


LaNio.4Cro.6O3 


LaNio.8Cro.2O3 


Lao.oSro.iNio.6 
Cro.403 


Lao.»Sro.2Nio.6 
Cro.403 














CH, -^Sl-g- 
(%) 


5 


29 


64 


75 


66 


CO* 

(%) 


9 


39 


58 


81 


63 


(niA/cm 2 ) 


5 


11 


• 14 


16 


13 



Lai- y Sr y Ni 0 . 6 Cr 0 . A^l^ S^+ofl ^tb L a 3+^ -^^1-g-^ ^^l^i, 7 ||1^ 

oflA^ ^nfl #7>1- 7>^^ ^0.5. , CH 4 <^1 ^ ^ C0 2 ^l 7fl ^ *h§-<>lH ^nfl%^ 

# jl^^- nfl Lai- y Sr y Ni 0 .6Cro.403°fl^ Sr^ &-8r 0.1^1 ^91^ ^ 5a&4. 



^ ^» il^r^, Lai- y Sr y Nii- x Cr x 0 3 4^7HH #*1HH Ni ^t*&°] #7> 
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Lao.gSro.iNio.eCr 0.4O3 (°1*> LSNCS. 3.7)) #nfl 7 > tf-E- 2^0} j^^o] e j£cj. CH 4 ^1 



<87> ^efl 2 : Ni-YSZ^l vfl^-7fl^^>-§- ^ ^713 ^ ^ 



<88> 



<89> 



Ni-YSZ^l #^^1^5] 7fl^tiV-§- ^ ^71^ ^o. ^>^7l ^-71^ ^71^-^ 

^-g-^^H 800 °C £ 1 atm^ ^H-S^H CH 4 ^1 3] *!r C0 2 7fl *J ^ 

CH 4 £}- C0 2 ^ #«17> 1<?] (CH 4 /C0 2 =1, CH 4 : C0 2 = 12.5 JM% : 12.5 -£^"§-^- 

A}-g-*H 40 mH/minS] ^ 4*5.3. *}^-7}2) (^fl^Hl 1*. ZL^Jl ^ 

^ f^^H^I ^7l(air)l- 40 in£/min^ ^7}2] #7] ^( cathode)^ ^-g-S^ 

Ni-YSZ #1^d^1 Ce0 2 # ^ 2 ^§=%, 4 $7} X\ , H 2 # ^I^ilS ^-g-^cg^ 

%o.6\) 3^ ^71 oflui^]^ 01^. ^ 7} ^ } ^ tiV^ofl, C0 2 ^ CH 4 7M ^^-^^-S 

^r-g-*r53^ 3-f*H*r 1k v ^tr ^7Hu-]x]7> <£ *r 5U$}£f. Ni-YSZ 



°fl ^7}*r Ce0 2 Tr ^fl§^^. 



<90> 



m^l^. Ni-YSZ-Ce0 2 [Ni : YSZ : Ce0 2 = 48 : 48 ^% : 4 #^=%] #nfl 7 } tH 

S^iLt} CH 4 ofl ^ C0 2 7fl^ ^ ^l7l^<y #*fl #s$o) -f^^g- ^-oi^- ^ 

5. 34 £ 4^ «h§-£rJE 800 °C, 7fl^S.( 0 pen circuit), ^1^)5. (closed 
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circuit) 2z&2) (Ni-YSZ-Ce0 2 I YSZ I (La,Sr)Mn0 3 Q Ni-YSZ-MgO I YSZ I 

(La ,Sr)Mn0 3 ) A <HH CH 4 «^1 s]*t C0 2 ^ ^.7)^-^ ^^-r nfl aV-g- Aj^ofl n}^ Q0 2 

Q CH 4 sl zl^jl ^^JE^ W^r^l* M-EHI&tf. 7fl 5} 3. (open circuit)^ 

^ 5*l7j-^-oV C0 2 ^- CH 4 ^1 ^s]-#°l AA 48%°1H 15%, 83%<HH 20%^ A±^\W. 
^ofl ^]s]S(closed circuitHHH^ ^ 3^^} ^<&9\ 7^ 3f-<^ C0 2 ^f CH 4 

9\ Td.^ 0 ] AA 82%, 96%<HH 73%S ZZ. A^ ^°1 37fl #53^8: ° a v ^ &&tf. 

Zie^Jl 3)13)5. ^MH^I 5Al# wl-g- ^ ^^JE^r 44 mA/cm 2 ^: u(-E}^^cf. #^fl^i^-^ 
^* 7 r *fl^ ^cHH^ ^uflo^ yl^g)-7> H711 ^^S)^^ ^-o]^- - ^^cf. 

7fl5lS.^ C0 2 3] 711^^-g-oHAi ^fl*}^ Hl^S).^ Bl^^Hl o^fl ^^^1-^O.M- ol^ ^ 

71^-^17-i ^ (pumping) € 0 2 -^l -^l} #*fl*l^-( anode -^^H 

<9i> cf^- S 4^ til-g-^s 800 °C°1H 5*1 # -^o> ^7lS)-*)-^ ^aV-g-^g- ^ C0 2 ^r 

CH 4 ^ ^ ^^E* ufEl-vfl^cf. 7 flslS. tiV-g-Al ^ufl^ ^ o. b}-^ ^ ofl 4^ 

^3*1 ^*>^^M- 3^1 SIS 7>H1^ ^7l^-oll^ ^^"£1^ O 2 ^ «y^-7> Hj-^21- *>-§-<5} 

^ COM- C0 2 S. ^£l7l nfl-g-ofl ^fl^o} t3l%^^-7> ^afl^ ^r^cf. 

<92> 
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IS 4] 



xi7mn&x] 1 YSZ 1 (La,Sr)Mn03) 




Ni-YSZ-CeOz 


Ni-YSZ-MgO 


Ni-YSZ 


LSNC 






sflSjS. 


711 








711 SIS 


311 SIS 


Cli, 

(%) 


19.8 


82.3 


23.7 


71.2 


17.7 


58.9 


31.1 


63.8 


C0 2 ?i^^r 
(%) 


15.4 


73.6 


25.8 


69.8 


16.5 


60.4 


29.8 


61.4 


■amis. 

(mA/cm 2 ) 




43.9 




45.3 




24.9 




31.7 



C0 2 ^- CH 4 2] 7M ^-g-^ 7fl^)5. 0.9 ~ 1.1 V ^5\9XSLV], 

20 ~ 30 mA/cmH^ 3 tfl ^^S^r 16 mW/cm 2 # M-Bj-ufl^cf. 



<94> ^efl 3 : 

<95> # 7 ]s] ^Sj-flJ-^ ^flr^g-Al^o)!^ 800 °C 5? 1 atmsl «-§-2:^<fl>H C0 2 7> 

>&5H^ ^ft^l ifl-¥-7fl^#-§-^ ^^VS^. CH 4) O2, H 2 0 ^§-2] £^-#-g- &-%-&3. 
(CH 4 : C0 2 : H 2 0 : 0 2 : H 2 : CO = 1 : (0.4 ~ 0.6) : (0.4 ~ 0.7) : (0.01 ~ 0.2) : (0.1 
~ 0.5) : (0.1 - 0.5))S *Hi-*H tri-reforming iflJf7fl ^*V-§-^r ^r^tb 

<96> 
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IE. 5] 









13 *«1 






CH 4 


C0 2 




CH 4 


CO2 


H2O 


0 2 


H 2 


CO 


(ft) 


(ft) 


(mA/cm*) 


] 


0.48 


0.54 


0.1 


0 


0 


91.7 


86.1 


37.7 


L 


0.52 


0.48 


0.07 


0 


0 


85.1 


82.5 


34.4 


1 


0.55 


0.45 


0.05 


0 


0 


86.6 


82.3 


36.9 


1 


0.48 


0.54 


0.1 


0.2 


0.3 


81.4 


80.6 


33.2 


1 


0.48 


0.54 


0.1 


0.5 


0.4 


85.8 


81.4 


37.9 



Ni-YSZ-Ce0 2 I YSZ I (La,Sr)Mn0 3 5. #71 3^*1*1 3 #nfl^^- ^ofl C h 4 , C0 2 , H 2 0 

^ 0 2 # #-§-#(CH 4 : C0 2 : H 2 0 : 0 2 = 1 : 0.48 : 0.54 : 0.1 ^ 
tri-reforming-i- ^r^ r $^ nfi CH 4 ^- C0 2 ^1 ^ 91.7%, 86.1%7} £<H&°-^, *m 

HSLkr 37.7 mA/cra 2 o] «3<H&cJ-. ^ CH 4 : C0 2 : H 2 0 : 0 2 = 1 : 0.55 : 0.45 : 0.05^ 

Tri -reforming ^7}^ (waste flue gasH StJ-s)<H 91^ C0 2 , H 2 0 ^ 0 2 7>^1- 

*]-§-#S*| A>-g-^ ^ ^71 nfl^-ofl Zj-Z}-^ y}^ g-^ig 3g£L <£o) ^o>*V ^ 

*d«r^-§-^^<HH A}-g-^- ^ oicf^ cicf. Tri-reforming^r C0 2 

?M, ^r^7l 7M £ #"37}^ ^>5r ^ «}-g-olrf. Tr i-reforming ^ 

°1H ^^M-^ 0xy-C0 2 ^^71 ?H ^r-S-^r H 2 /C0 2 ^ -§-h]7> 1.5 ~ 2.091 

<33 SL3. ^--g-tr ^7>^(C0 + H 2 )* ^ 2m. JEtr tri-re forming^ C0 2 

^ 7M<*M ^-^l<y ^(carbon) ^-§- *fl7^ ^ ##<>1 Sfli}. 
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^7ls}-^- <£sL^x\7} ^-g-^l SOFC «}-g-^^^r ^7>i^l C0 2 4 CH 4 ^ 

, MM^ ^ 4^41 3-8- y}^}^. ^] ^y}^9l co 2 ^ ch 4 ^ 

ClsKMH ^SL*V #^<?1 ftsH^, MeOH, Sl^r DME^ ^ sHM-^S ^ &7] 

^^-^1 ^-frS**^ ^ &cj-. C0 2 ^- CH 4 7]- ^>#S ^3^r 

^ ^S. C0 2 ^ CH 4 S ^^5]^ o| 7 l nfl^-ofl nfl^^ ^^ 7 >i ^ C0 2 # ^^l^T & 

°1 ^lS^ ^ Al^Bflo] «]--§- 7^^. Ir-g-^, -B-g-tb f"^7}^Sf ^7]o1]ui^l- 

^ ^^^^ H ^ ^1^^^. iE^V « 7>^^|- JiS 

A. 
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°l£r ^S-^ JL^l^l- #*fl^, #"11*1^- (anode) ^ ^-(cathode) °1 ^Mh^M ^ 
S\o]^[ jl^^ <as.^^l(S0FC)«fl 91°]*], 

^7} #nfl ^ anode Ni-YSZT]] 2H#i7]-o]H7]l ^ ^2}-«- 0 l ^tt 53 

-ir mjSLsL «Hr ffl^ °1 ^e^o} 7M^-§-°fl ^*fl ^7>^ (syngas)^ #7} 
(electricity)7> JI^S]-!- <?i£.*l*l (SOFC) . 

2] 

*ll 1 *cMl 9X°]*], YSZCYttria Stabilized Zirconia) JL*\] #sfl^ 
LaSrMn0 3 31 ^-71 ^-(cathode) °] -^^H $1^, tb^ Ni-YSZ^l 51]1-^7>o1e 

31 ^HtHM # *ll*}^-( anode H 53^8: ZL^V5}-# <£j=L^l . 

3] 

all 1 U" SE^ *fl 2 %H] ^^i, a o v 7 i Ni-YSZ^l Ni 40 ~ 50 YSZ 40 ~ 

50 ^% ^ Ce0 2 MgO 0 - 10 ^^%7> -H^^ 
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all 1 ^ *fl 2 %H1 $a<H^, #71 5jl#^?HB^l <L>5}-#^- 
Lai- y Sr y Nii- x Cr x 0 3 (x=0-l, y=0~l)3 S^-g- oj^ji oi^ ^ ^ JL^sJ-l- <g 



5] 

7>^^f(200), #7] 7}^^-^ <£&£\o] ^A 1 ^ ^7l^^fi^l7l- 7> 
^#-§-^(100) ^ 7>^tiV-g-^^ ti>-g-^^l- 4=^ ^ *lM*Rr ^^^^-^-(300)5. 

^"71 7>^^(200)» f-*H o]A]-s}.^^^- E].§j.^^ 7 ^ ^7}^7} 7>^*]-§- 

^-(ioo)s -fr^ji, 

^■71 7}iti>-§-^-( 100) -Ml ^ i^l ^M^l ^7l^(cathode)2}- Ni-YSZTfl 5E^ ^§ 

^7>°1Bt11 ^ #3}-§-sl #*fl#q-(anode)°l Jf^M oi^ (S0FC)7> # 

a*-£|<H #71 #Dfl^^-( an0 de) vfl^>Hfe- ^1^^^ ^SK^^ ^ tL 7 MtiV-g-2f # 

3*H ^7}i( syngas)^- ^7HM^l7> ^-Alofl ^5]^ ^JlS *>fe 3 



6] 

*ll 5 %M1 SZ^H, #7l ^7"b^ CH 4 : C0 2 : H 2 0 : 0 2 : H 2 : C07> 1 : 0.4-0.6 : 
0.4-0.7 : 0.01-0.2 : 0-1 : 0-1 ^Hlf °}^-JL $X^r ^8^5. *}^r # 713^3 # 
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7] 

*fl 5 %H1 &<>H, ^71 ^l^^^r £r^7}i, C0 2 ^ CH 4 7l- *V^-2] ^V#3. ^ A ^^= 
[^^^ 8] 

1) Lai- y Sr y Ni!- x Cr x 0 3 (x-0 ~ 1, y=0 ~ 1)^ ^ o]^jl oi^ ^ ^sj] ^ 

2) ^-g-^ofl, (malic acid)^: ^7>*H ^ ^ ol-g-ofl cfl^V ^^a> 
SI -§~&#ol 0.5 ~ 2.0 ^^7> 2^Rr &7\), 

3) ^-71 P H7> 1.5 ~ 3.5 pH 2*M1# ^7>*Kr ^7j) , 

5) ^-71 -g-^lM- ^-71 ^-^71 sHH 800 ~ 1,000 °C ^rS^H 1 ~ 5 
^, Lai- y Sr y Nii_ x Cr x 0 3 (x=0~l ( y=0~l)2] 7>^^ *im^7}-olS3l ^nfl^^^- # 

31; £ 



34-29 



1020030074934 #^ H7>: 2004/4/20 

6) ^35^ jz.*fl^# &n^2] & ^ofl #7HH ^l2:*b #a]e]» s^^ji, 

^91^ tJ-E- 2^4|Sr ^7l^ #^-#^(LSM)# 3.^ ^1, £2: ^ *H 
(disk)#^ #7lS|-^ (electrochemical eel 1)1- ^7fl7}- 

[^^J- 9] 

1) NiO 40 ~ 50 YSZ 40 ~ 50 ^% ^ MgO it^b Ce0 2 0 - 10 ^%Mr 

2) #71 ^-g-^vfl ZL^£- ^ 100 7l^o.5., ti>o]tH^i *fli§ 

0.3 ~ 1.2 ^iL^lH 0.8 ~ 1.5 ^ €eHl!i31 ^-A>olc ! 3 

^ Ni-YSZTj] #nfl^^- ^e^5]# *ll3:*Rr \ 

3) J1^a>^# tt ^ofl ^-^1 ofl a-1 *flS*V #5^1- 

(disk)^ ^7l^-«}- ^^(electrochemical cell)!- #317} 

jfe^ . 
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[S. 3] 
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Current density (mA / cm 2 ) 
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